Abstract-In recent years, organizations have invested heavily in e-procurement technology solutions. However, an estimation of the value of the technology-enabled procurement process is often lacking. Our paper presents a rigorous methodological approach to the analysis of e-procurement benefits. Business process simulations are used to analyze the benefits of both technological and organizational changes related to e-procurement. The approach enables an estimation of both the average and variability of procurement costs and benefits, workload, and lead times. In addition, the approach enables optimization of a procurement strategy (e.g., approval levels). Finally, an innovative approach to estimation of value at risk is shown.
Estimating the Benefits and Risks of Implementing E-Procurement Peter Trkman and Kevin McCormack
Abstract-In recent years, organizations have invested heavily in e-procurement technology solutions. However, an estimation of the value of the technology-enabled procurement process is often lacking. Our paper presents a rigorous methodological approach to the analysis of e-procurement benefits. Business process simulations are used to analyze the benefits of both technological and organizational changes related to e-procurement. The approach enables an estimation of both the average and variability of procurement costs and benefits, workload, and lead times. In addition, the approach enables optimization of a procurement strategy (e.g., approval levels). Finally, an innovative approach to estimation of value at risk is shown.
Index Terms-Business process modeling, e-procurement, methodological approach, procure-to-pay (P2P) process, simulations, value at risk (VaR).
I. INTRODUCTION
T HE procure-to-pay ("P2P") process has become a major challenge to companies that have adopted global sourcing and distribution as a strategic component of their business. In recent years, organizations have adopted management practices and technologies designed to reduce transaction costs (TCs) [1] , which includes the automation of P2P process. E-procurement is the use of electronic means (the Internet, Web, e-mail) to enable purchases of products and services over the Internet [2] , [3] . It is believed that, in addition to a decrease in costs, e-procurement also eliminates paperwork, improves data accuracy, collaboration, and transparency of the process when reducing inventory levels and lead times [4] , [5] .
The challenge is how to measure the increase in efficiency (both value and risks) of e-procurement implementations and simultaneous changes in the organization and strategy. Although various research and practitioner papers have dealt with the question about how to estimate the benefits of e-procurement implementation (e.g., [6] and [7] ), an answer has been mainly offered based on either rough estimates without explaining the exact methodology or self-reported data from the studied companies. Both approaches have issues when estimating the potential benefits in a particular company.
Therefore, the main contribution of the approach presented in this paper is that it enables an estimation of savings based on real-life data. The main methodological approach is the simulation of business processes since the value of information technology (IT) implementation should be measured at the process level [8] . The approach also enables the recommendation of changes to an organizational structure (e.g., the appropriate approval policy). In addition, risks are estimated based on a novel application of the value-at-risk (VaR) concept. The presented calculations can be easily replicated in different practical settings with different input data. The structure of the paper is as follows. First, the main benefits and challenges of e-procurement introduction and usage are summarized. Second, the main objectives of the study are outlined. The methodology, models, and collected data are then presented, followed by the results and analysis. Finally, the main implications and limitations of the proposed approach are outlined.
II. E-PROCUREMENT: BENEFITS AND CHALLENGES
Process efficiency and process integration capabilities of a procurement process provide a significant contribution to firm performance [9] . The main benefits of e-procurement are an increase in firms' competitiveness through cost reduction and/or boosted efficiency with inbound logistics [10] . These benefits can materialize in a reduction of purchasing transactions costs, order fulfillment and cycle time, a reduction of the number of suppliers or even a reduction in the price paid, and the number of staff to support purchase transactions [7] . However, in order to reap the full benefits, the business processes connected to procurement should be carefully analyzed and (if necessary) improved before it is supported with an e-procurement solution [11] . In less process mature companies, ordering and receiving are not connected, and this results to extensive manual matching and resolution before payment. Information systems are manual and decentralized, while information resides on spreadsheets in individual computers [6] .
A key business process impacted by e-procurement is the P2P process that encompasses activities from need specification, sourcing decision, contract-/purchase-order generation, receipt of material/documents, and finally, settlement and payment. Therefore, the paper's focus is not on the procurement department, but on the whole procurement process (as shown in Fig. 1 ).
Companies are increasingly considering procurement as a strategic-level concern of developing a competitive advantage [12] . Lower information exchange costs coupled with lower TCs can also make bilateral relationships more efficient and interfirm operations better coordinated, a phenomenon characterized as the integration effect of IT [13] . IT can reduce the overall TC and risks associated with obtaining goods and services from suppliers [14] , while also reducing the search costs connected with procurement importantly [15] .
Our study includes the whole P2P process, since not only order and delivery are vital, but also the activities such as receipt of invoice, approval, payment, and reconciliation can carry considerable costs and/or risks [16] . Past experience has shown that many efforts have failed because they targeted processes contained only in a single department [17] .
Most importantly, the benefits, costs, and risks of IT implementation need to be identified, managed, and controlled if businesses are to derive value from their investments [18] . Despite the greater attention paid to the P2P, most companies are still unsure of the benefits and the ways to measure the value of the informatization of procurement, and which factors affect this value [19] . In many cases, the real benefits are not identified, resulting in companies not recognizing the true value of e-procurement [20] . A recent study showed that IT plays a significant role in everyday procurement, but the expectations of IT are rarely completely fulfilled [21] .
Therefore, there is a need to better understand the value of eprocurement at a level of analysis smaller than a firm [19] . This paper analyzes its value at the level of the business process. The analysis of the intermediate outcome of e-procurement can shed more light on the efficiency of the process than financial outcome measures, such as return on assets or return on investment [3] . This is vital since so far there has been only limited effort to conceptualize the key constructs that characterize procurement as a process [12] . While the usage of technology is important, the process approach allows the identification of key organizational and other issues [11] , [22] . In order to realize the benefits of e-procurement, it is necessary to properly improve the process and not simply to automate the existing methods of working [5] . Then, processes have to be continuously measured and analyzed by defining and implementing performance measures and key performance indicators [23] . Therefore, our paper conceptualizes P2P as a process and proposes related performance indicators and measurements.
III. RESEARCH OBJECTIVES
Our approach studies both the prediction of changes due to technology implementation and organizational savings, and is line with earlier research, which found that early adopters emphasize cost reductions and administrative efficiencies from eprocurement [24] . More mature users focus on strategic advantage and generate this through organizational changes. Eprocurement impacts both a firm's primary business processes and the organizational structures used to coordinate these processes [25] .
Accordingly, our analysis centers around two main questions: 1) how can the reduction of procurement cost, lead times, and employee workloads be measured and 2) which advantages and potential risks do organizational changes (in our case, a change in approval procedures) bring to the procurement process? In relation to 1), coordination costs, such as search, negotiation, communication, follow-up, and error reconciliation with suppliers, can make up a significant part of costs and eprocurement can play a vital role in reducing such costs [19] . Earlier research found similar estimates of cost reductions due to the implementation of e-procurement. Various independent studies found that costs of manually processing a purchase order can range from U.S. dollar (USD) 100 to 250, while e-procurement can reduce these costs to around USD 10 to USD 30 [6] , [16] , [26] , [27] .
In such a way, e-procurement should lead to savings of around 42%-65% in purchasing TCs [7] , [28] . In addition, sourcing cycling times should be reduced by 25%-30% and time to market by 10%-15%. The Aberdeen research gave even higher estimates, namely a reduction of requisition-to-order cycles by 66% and a reduction of costs by 58% [29] .
Obviously, all of these estimations similarly indicate relatively large savings, usually around 50% or more of total costs of the procurement process. The only significant exception is reported in [30] , who claimed that e-procurement reduced TCs by approximately 99.7%. However, it is likely that such a figure disregards various costs connected to e-procurement.
Despite the abundance of such studies, most of these estimations either failed to provide a methodology of their approach or used a survey/sample of self-reported benefits from studied companies for estimating the benefits. This is questionable since there is little consensus on how to gauge the value of technology-enabled procurement processes [3] . The range of these estimations is too large to be used in a practical setting and organization-level factors, such as spend characteristics/portfolio and internal sourcing competency, significantly affect the level of savings [31] . Further, the assumption of most of the studies is that the company will use e-procurement for all of their purchases; yet, in practice, the level of using e-procurement can be around 25% of the total value of procurements [7] , [32] .
These findings are difficult to replicate and test in other settings, and are of questionable validity for use as guidance for managers facing the need to estimate the benefits and justify the investment in e-procurement solutions. The justification of the costs and benefits is needed to secure enterprise funding and support [31] . Therefore, the initial objective of the paper is to provide a robust simulation-based methodology for analyzing the reduction in costs/lead times/employee workload that can be easily replicated by other companies, considering an investment in the P2P process.
In relation to 2), in addition to savings in procurement costs, e-procurement can change the organizational structure, responsibilities, and internal power structures simultaneously [33] , and induce a change in organizational processes and culture [10] . E-procurement leads to changes at different levels, including organizational, financial, and the information systems department [10] . The structure of buying centers tends to flatten and fewer levels of management actively engage in each activity [34] . E-procurement can lead to long-term efficiency gains by fundamentally changing the coordination mechanics and transaction practices [3] . A typical example is the automatization of the approval process of senior managers by preauthorizing operating personnel [34] . As outlined earlier, these changes can bring both benefits and potential risks due to mistakes or fraud by employees. This highlights the critical need to study risk tradeoffs and gauge the business value impacts of potential shocks [35] . Therefore, the second objective of the paper is to measure both the variability of the process time and costs, and the potential risks of these changes also. The latter is measured by the VaR measure.
The hesitation to adopt e-procurement, for example, does not stem from expected difficulty or constraints, but arises due to being unaware of clear anticipated benefits [36] , [37] . There is a positive relationship between beliefs about a target new technology, its usefulness, and its subsequent adoption [38] , [39] . A company's vague statement of the benefits, leading to an uncertain allocation of responsibility for managing their delivery, is the number one cause of project failures [40] .
However, the benefits are not the only determinants of eprocurement usage as perceived risks also play an important role. Thus, the focus should not only be on benefits for firms, but also on estimating the firms' risks or at least their perception of risks [41] .
IV. METHODOLOGY
The general approach to such analysis is shown in Fig. 2 . The activities in the figure are numbered and referred to in this section. A parallel gateway (plus sign) indicates tasks that can be done simultaneously.
The main objectives (activity 1 in Fig. 2 ) of our analysis are outlined in the previous section. The studied process (activity 2) was a P2P process of six major companies. Each company (except one) had at least 40 000 purchase orders passing through their P2P system every year. These companies were in the oil industry equipment, chemical, cement, and oil exploration and development industries. General data about the companies included are shown in Table I (the company names are fictional, all the other data are real).
In order to map the current business process (AS-IS) (activity 3), semistructured interviews with approximately 100 people from the six companies were conducted. Various procurement and IT employees at all levels of the hierarchy and in different geographical locations (field, corporate) participated in the interviews. The following employees from the studied companies were included: buyers, procurement managers, commodity managers, Directors of procurement, Directors of the supply chain, IT managers, Vice President of the supply chain, and strategic sourcing managers. The exact titles vary from company to company; the titles also depend on the maturity of the procurement process in each company. In addition, semistructured phone interviews with account managers from approximately 30-50 of the largest suppliers of each of the six studied companies were conducted.
The developed business process model is shown in Fig. 3 . While the presented model is a simplified version of reality, it is sufficient for our purpose. The developed model only includes activities in the order and initiation stage, and not those involved in the search for products/suppliers. IT usage in the order and initiation stage, for example, has a more significant impact on procurement-process performance [42] . Thus, the assumption (that also matches the scope of the collected data) that the company procures from known, long-term suppliers was made (see, e.g., [43] ). The process model was validated (activity 4) with company employees involved in the P2P process. Further refinements were made to assure that the developed model matched the real situation in the company.
In order to collect the necessary data for the simulation (activity 5), each of the interviewees was asked to estimate the average lead time/time of each activity, along with the variability of these times. The data acquired from all the interviews were compared and refined. They were also cross-checked with the data acquired from the SAP system. Descriptive statistics (frequency, mean, standard deviation, distributions, etc.) were used to examine the types of orders (procurement card (PCard), e-catalog, and buyer assisted) for each company's process. A lognormal distribution was used for sampling the times of activities because it is a sufficiently flexible theoretical probability distribution for modeling operation times in procurement [44] . Descriptive statistics for the simulation study are included in Table II and only the data for one company are shown; however, the data for the others are quite similar.
All companies were similar in the activities and duration, since they all had the same enterprise resource planning software, namely SAP, as their procurement system. Although the use of the same software does not automatically mean the use of same processes or process execution efficiency, in our case, their processes were built around the SAP recommendations. Enterprise resource planning implementation, for example, requires the reengineering of a business process prior to the adoption of Enterprise Resource Planning (ERP), and the company usually accepts the proposed standard business processes from ERP [45] . Since our business process model (Fig. 3) is intentionally rather general, it can be applied to all studied companies. If a company would have considerably different P2P process, the whole approach (shown in Fig. 2 ) should be repeated.
Based on data from Judril, the value of each order was estimated as an exponential distribution with the mean of USD 2000. The current approval levels are that all orders above USD 1000 have to be approved by the supervisor (approval level 1). All orders above USD 10 000 have to be approved by both the supervisor and the senior manager (approval level 2).
Different scenarios for process redesign and informatization (activity 6) were prepared. The main objective of improving the P2P process was to replace some of the high-cost buyer-assisted orders by introducing both an electronic catalog (e-catalog) and a PCard.
The e-catalog is one of the most widely used e-procurement technologies and usually contains specifications and prices of all products obtained from contracted suppliers. Suppliers can directly access the enterprise server and update information about their products and services [5] , [10] , [46] . A PCard is an electronic transaction card issued at the firm level and intended for small value transaction, noninventory/stock, and noncapital purchases. The advantage of PCards is the ease with which they can be implemented and the low initial cash investment [7] , [47] .
The analysis examines the following four scenarios (they were chosen since they are the most typical situations encountered in the real world [32] , [48] ).
1) Scenario 1 (scen1): All orders (100%) are buyer-assisted.
2) Scenario 2 (scen2): 80% of orders are buyer-assisted, while 10% of orders are made with a Pcard, while for 10% of orders an e-catalog is used. 3) Scenario 3 (scen3): As the use of new procurement techniques increases, only 60% of orders are buyer-assisted, while the PCard/e-catalog are used in 30%/10% of cases.
4) Scenario 4 (scen4):
The level of automation is the same as in scen2 (80%, 10%, 10%). However, due to the empowerment of the employees and organizational changes, the approval levels are tripled. Discrete-event simulations (activity 7) were used to analyze different scenarios. The reason is that the adoption of rigorous business process simulation methodologies enables one to evaluate different configuration of process chains in realistic settings and estimate the expected payoffs resulting from reengineering/IT incorporation [49] - [52] .
The main problem of simulations can be the large costs and amount of time needed [53] . It is, therefore, often too expensive for small-and medium-sized companies to build simulation competence within the company, especially due to the high expenditure on specific know-how [54] . Further, it should not be forgotten that the models developed are always a simplification of a real system under examination.
In our case, the Igrafx Process 2007 was used. It is one of the most widely used simulation tools [55] , which enables our approach to be repeated in a practical setting. Similar methodological approaches were successfully used in the past to measure the effects of a business process improvement in public administration [56] , supply chains [11] , and production processes [57] . A 12-month simulation was run, which amounted to approximately 33 000 orders. The time between each transaction (order) is randomly distributed. In addition to process models and data from each of the four scenarios, the following input variables were used: duration of each activity and its variability, number and distribution of transaction, and value of each transaction. The main outputs were the lead time and cost of each transaction, and the full-time equivalents (FTEs) required at each working position (e.g., procurement worker and supervisor).
The validation and verification of the obtained outputs are vital [58] . In our case, the outputs were first validated with company employees. In addition, the results were cross-checked with data from SAP, expert opinions, and previous research results. If a large discrepancy is found, it may be necessary to correct the developed process model (activity 3) or recheck the collected data (activity 5). The data (value of transaction, work, and delay time of each activity, etc.) about each simulated transaction were recorded for further analyses. The collected data enabled an analysis of both average times and costs, and their distribution and the application of the VaR concept.
Finally, all results were exported to MS Excel where they were analyzed (activity 9; results presented in the next section). Finally, additional assumptions were made in order to acquire the probabilistic distribution required to calculate the VaR (activity 10; results are presented in the next section). If required, a further analysis (including the use of other simulation tools) could be undertaken (activity 11).
V. RESULTS AND ANALYSIS
While the proposed methodology enables an estimation of different aspects, our analysis focuses on the main critical success factors of implementing e-procurement, namely the costs, lead times, and risks. The following are the chief results of the simulations.
1) TCs-Measured by costs of employees' work (FTE) in the following functions: "Procurement worker," "supervisor, and "top manager." An estimation of total costs (in USD) is also calculated based on the assumption that the FTE cost is USD 100 000 for each procurement worker, USD 150 000 for a supervisor, and USD 300 000 for a top manager. These figures are based on our interviews and in line with recent research [59] . 2) Lead (cycle) time: A lead-time reduction is important since it allows the lowering of safety stock requirements and improving of customer service [60] . In addition, the variability in process outcomes is connected to uncertainty and risks. Process uncertainty is likely to be reflected in late deliveries and poor quality performance, so both fast and reliable deliveries are vital [61] . Both the average and distributions of lead times for each scenario were examined. 3) VaR: A novel application of VaR is proposed in order to estimate the potential risk exposure due to organizational changes. VaR is defined as the expected loss arising from an adverse market movement with a specified probability over a period of time [62] . While VaR was primarily intended to measure the risk of exposure in the financial industry [63] , [64] , it has been not applied to a great extent to engineering systems, in general, and supply chain/procurement in particular [65] . Such an approach may help a company estimate the highest possible risk (at certain probabilities) that it may be exposed to. While the Supply Chain Council defined VaR in eprocurement as the sum of the probability of events times the monetary impact of the events for the specific process, supplier, product, or customer [66] , no approach to its measurement was presented. It was also claimed that calculating VaR from historical data requires a large database of events and metrics, and can be computationally intensive [66] . Since it seems that the importance of VaR estimation (see usage in, e.g., [62] , [65] , and [67] ) in the supply-chain management context is increasing, it is important to develop more sophisticated approaches to its measurement. Our approach is an initial, yet important step in this direction.
The aggregated results are shown in Table III . The average lead time decreases with the increase in automation (17% for scen2; 26% for scen3), while the average costs for orders and the number of procurement workers dropped considerably (e.g., from 51 in scen1 to 32 in the third scenario), with the automation of approximately half the orders. This finding is in line with the fact that IT plays a vital role in eliminating the need for human resources to perform routine purchasing tasks [68] , and therefore, online procurement is significantly positively correlated with a higher productivity growth rate [33] .
The comparison of scen3 and scen4 offers interesting insights. Both scens3 and 4 are upgrades of scen2. The difference is that scen3 focuses on further information support (a larger percent of automated orders), while scen4 focuses on organizational changes (a lower number of approvals needed). As shown in Table III , both scenarios contribute to a further decrease in both costs and lead times (compared to scen2); however, scen3 contributes more to the decrease in costs. IT support has mainly decreased the costs/workload of employees, while the organizational changes in scen4 (change in approval levels) considerably reduce the lead time due to the elimination of waiting for supervisor/manager approval. It also contributed to a decrease in costs (compared to scen2), but not so much as scen3.
These results are in line with earlier studies, which may indicate (although not prove) that the simulation model is correct and it can be repeated (with different data) in other companies. Some of the estimates of costs and lead times are slightly lower--this is because we only studied a partial transition toward e-procurement with the automatization of a certain percentage of orders, which is a more realistic case in practice.
However, the average lead times only reveal part of the story. The variability of lead times also has to be studied since it can pose even greater problems at the supply-chain level. It is often claimed that the core goal of problem solving in procurement/supply chain management is to reduce uncertainties [69] , [70] . Companies usually respond to time variability by increasing time buffers, which is reasonable and easy to use, yet highly inefficient [71] . The probabilistic distribution of lead times for all four scenarios is shown in Fig. 4 , while Table IV shows the likelihood that the lead time of a certain order will be shorter than 8/14 days. For example, for scenario 1, the likelihood that the lead time of the transaction would be eight days or less is 5% (with an 89% likelihood that it would be shorter than 14 days, meaning that 84% of transactions would take between 8 and 15 days). For, e.g., scenario 4 (where the expected lead time is much shorter), the likelihood of filling an order within five days is 36% (and 96% for 14 days). The results are important for companies that plan their inventory safety levels based on expected lead times. Since the technological and organizational changes reduced both the lead time and its variability, it is logical that the likelihood of executing an order within the 8/14-day time period is larger for scen2-scen4 and the occurrence of out-of-stock situations is lower (assuming that the safety buffers are unchanged). If, for example, a company uses a 14-day time buffer, it can be assumed that it will run out of stock during 11% (scen1), 9% (scen2), 9% (scen3), and 4% (scen4) of the orders.
While the value of orders for the simulation was estimated based on the data from Judril, the input data of two companies were also analyzed (Cementy with 36 440 orders and Chemicalia with 50 612 orders in the database). The main difference was found in the distribution of the value of orders. Cementy mainly had a larger number of smaller orders-only 0.31% orders over USD 100 000 (still amounting to 51.8% of the total procured value) and 3.22% over USD 10 000 (72.1% of the total procured value). On the other hand, Chemicalia had several large orders. 4.0% orders (95.6% of the total value) of their orders were over USD 100 000 and 12.0% order over USD 10 000 (99.2% of the total value).
Simulation wise, this means that (all other things equal) the lead times (shown in, e.g., Fig. 4 for Judril) of Chemicalia are slightly longer and differently distributed (with a larger "long tail" on the right) than those of Judril especially. This is due to a longer approval process (more orders need to be approved). Similarly, the approval costs (shown in Table III for Judril) are higher. A number of large orders also increases the VaR due to a higher possible impact due to problems with a few large orders.
As can be seen from the distributions, introduction of the PCard and e-catalog does allow the quick processing of some purchase orders. It also considerably decreases the average lead time. However, their introduction does not considerably affect the long tail-orders that last 14 days or more. These results confirm the finding that at a lower level of process maturity, the P2P process uses some automation, but is still unpredictable with over half of the purchases in a time-consuming process that is largely uncontrolled [6] .
Organizational changes, namely the empowerment of the employees (scen4; tripling their authorization level) achieves all of the aforementioned. In addition to shorter average lead times, the number of transactions with extremely long lead times is reduced. Also, the workload of managers/supervisors is reduced, allowing them to focus more on value-added activities. The average costs and the number of purchasing workers do not change considerably since they still perform the same tasks (but their waiting for approvals that caused delays is considerably reduced). However, such changes also bring potential risks. Table V shows a considerable increase in the value of transactions with no supervisor approval. The value of transactions with no approval increases by 392% and the value of transactions without approval level 2 increases by 4%. This shows that the reduction in lead time was mostly realized through the elimination of middle management (approval level 1). This is in line with the finding that e-procurement can drastically reduce the number of middle managers needed (see, e.g., [72] ) and waiting for approval can considerably extend the lead times when not having a large impact on TCs [73] . However, it may pose risks of wrong orders emerging due to mistakes (or even fraud) by procurement workers.
Therefore, an additional analysis was conducted on the assumption that lower approval levels increase the chance of a loss due to mistakes/incorrect orders. Assuming that the value of employees' mistakes is the following percentage of each order: 1) 3% (2% standard deviation; left truncated at 0%) if the order is not authorized; 2) 1.5% (0.5% standard deviation; left truncated at 0%) if the order receives authorization from the supervisor; and 3) 0.5% (0.2% standard deviation; left truncated at 0%) if the order receives authorization from both the supervisor and the top manager. Table VI and Fig. 5 show the simulated total costs as the sum of approval and wrong order costs for various approval levels. The x scale is indexed with the current approval costs having the index 100. Approval costs (the dotted line in Fig. 5 ) are the cost of the work of the supervisor/top managers. Value loss costs (the dashed line) are the costs arising due to wrong orders. Total costs (the solid line) are the sum of both.
A high level (or nonexisting level) of approval obviously leads to a laissez-faire organization, where most orders are made without any supervision. This obviously means low approval costs but a high value loss due to wrong orders. On the other hand, a low approval level (a very bureaucratic organization) reduces the number of wrong orders but drastically increases the approval costs.
First, such an approach enables an analysis of the impact of changes in approval level on approval and value loss costs. In our case, a 10% increase in the approval level brings a 5% decrease in approval costs and a 2% increase in value loss; a 10% decrease would bring an 8% increase in approval costs and a 3% decrease in value loss. In such a way, the optimal approval level can also be found, namely where the total costs are the lowest. In our example, it is reached with a 250% increase in the approval level (index 350). Obviously, these results should only be used as guidance in decision making as they are only an estimation of the tradeoff between benefits and risks (as also shown with the VaR calculation in the continuation of the paper).
Obviously, the numerical results of this experiment cannot be generalized to all companies since they will have different productivity profiles [74] . Savings, realized by other adopters, do not ensure substantial cost savings for every firm [31] . However, a similar approach (with different data) can be repeated for most companies. The simulation model is also flexible enough to be extended with the inclusion of other sorts of costs, if necessary.
Further, VaR was also calculated from the results of all simulations. First, the difference between value loss and VaR needs to be defined; the value loss is a simple arithmetic average, meaning the expected average loss in the process (in our case, due to mistakes and the fraud of employees). However, the VaR calculation demands the probabilistic distribution of potential outcomes; in our case, a normal distribution of the employees' mistakes was assumed (as outlined earlier). Other distributions could also be used with the same approach to the VaR calculation. A standard normal table for the normal distribution was used to calculate the threshold (from all simulated data), which constitutes the VaR at 95% (99%). This is the dollar value from which 95% (99%) of expected losses in different realizations of the simulation are lower (this is the 95% and 99% percentiles from the distribution).
The approach to the VaR calculation, in general, is that the probabilistic distribution of potential losses needs to be generated first. This can be either with a similar simulation-based approach as found in this paper or with one of the other methods that consider the likelihood of various events and their impact (see, e.g., [75] ); e.g., the data could also be obtained from interviews with procurement workers and managers. After the creation of such a distribution, the dividing line between, e.g., 95% of lower and 5% of higher values should be taken as a VaR at 95%. Table VII shows the increase of VaR in the case of the empowerment of employees (scen4 versus scen2).
It should be emphasized that VaR does not measure the expected losses but the probable maximum losses that a company may accrue with a certain strategy. The number USD 2 052 932 means that (in scen2) there is a 95% chance that the loss due to wrong orders will be below this amount. In scen4, the loss due to wrong orders will be below USD 3 740 071 (with a 95% probability). This example clearly illustrates the tradeoff: lower control costs mean a higher VaR and consequently higher risks.
The main limitation of the VaR approach is that it is a rather simplistic approach and provides an insight into expected losses in "normal" business conditions, but is inappropriate for analyzing the impact of truly catastrophic events with a low probability [76] . Generally, organizations plan to protect themselves against recurrent, low-impact risks in their supply chains, but ignore high-impact, low-likelihood risks [77] , [78] . In our example, the costs due to supplier bankruptcy or employee fraud are not included. In order to include these risks also, the VaR approach should be complemented with other risk-management practices (see, e.g., [75] ).
VI. DISCUSSION AND CONCLUSION
The procurement process is one of the most important processes, and its costs, reliability, and risks considerably influence the performance or even survival of a company. Still, many companies lack an approach to rigorously and quantitatively evaluate their options, benefits, and risk. First of all, such an approach must include the whole P2P process that usually spans various departments and managerial levels. However, it was often found that local optima do not lead to a global optimum (e.g., [79] ), and past experience has shown that many efforts have failed because they targeted processes contained only in a single department [17] . Therefore, our approach is holistic and includes the whole P2P process.
Further, due to differences in procurement processes, activity times, and the number and relations with suppliers, self-reported average results cannot be applied in process redesign and e-procurement technology implementation in a specific company. A company should carefully analyze its own business processes and procurement transactions, and use suitable criteria (e.g., costs, risks, lead time, and percentage of transactions beyond a certain threshold). Both the criteria and the simulation/process model can be properly modified without much trouble.
In the event, another studied company was to have a slightly different procurement process and the process/simulation model should also be properly adapted. The process model (Fig. 3) is developed broadly enough to serve as a reusable framework that can be applied to other similar procurement processes with the application of the approach shown in Fig. 2 . However, the approach is unsuitable for companies that rely on automated ordering with the use of just in time, vendor management inventory, or similar concepts. Such an approach is often found in, e.g., the automotive industry.
Therefore, the paper's main contribution is its presentation of a methodological approach to the measurement of risks and benefits of implementing e-procurement with an analysis of different scenarios. The results show that the same decrease in costs and lead times does not necessarily happen simultaneously, and organizational changes/process improvement can often bring even greater savings than implementation of a simple technology. The results can be used as benchmark/key performance indicators for monitoring an e-procurement implementation project.
A novel approach to the optimization of an organizational strategy (e.g., approval level) is also presented and enables the finding of the optimal point in a tradeoff between the costs of approval procedures and the potential costs due to mistakes or fraud in the case the procedure is simplified. Business process models and simulations enable an ex ante analysis of the impact of such changes, before any changes are actually made.
The presented approach is most suitable for a company on either level 2 (defined) or level 3 (linked) of a five-level process maturity model-most companies are currently on these levels [80] . Such companies have both the required data and the developed process maps needed for the preparation of the simulation model. Companies on level 1 (ad hoc) usually do not possess detailed enough data about each activity/process, process maps, or metrics at the process level. Companies on level 4 or 5 take their cooperation with suppliers to the process level and the model in Fig. 1 should be expanded to integrate suppliers' activities (see, e.g., [11] ).
Since risks in e-procurement are also important, the novel application of the VaR concept in procurement research can enable the monitoring of these risks and (if necessary) the justification of the acceptance of mitigatory actions. The paper namely presents one of the first approaches to measure the VaR of the procurement process in monetary terms. The use of VaR can also improve benchmarking between processes and companies, and contribute to the development of a common language for studying procurement risks.
The approach has several managerial implications. It can serve both in the project preparation (to estimate the potential benefits and justify the investment; additionally, the preconceived notion of the benefits effects the adoption of eprocurement) and the implementation phase (to monitor the project and the achievement of expected benefits). The results are explained in the terminology commonly accepted by financial managers (e.g., costs in dollars, FTE, VaR). It confirms the possibility to establish a conceptual link between financial concepts and process management [62] . Further, the results from process modeling and simulation can serve as inputs for the use of activity-based costing [81] .
The research has various limitations. First, the procurement process scenarios were deliberately simplified in order to allow a focus on the main problems and minimize interaction effects that may mask the results for that scenario. They do not include the suppliers' activities, their connection to the buyer, and the potential delays or disruptions due to problems in the suppliers' internal business processes or transport routes.
The preparedness of suppliers to implement joint eprocurement solutions should also be studied. The calculation of VaR only included the probabilistic distribution of the percentage of employees' mistakes in the calculation. In order to provide a comprehensive estimation of risks, external risks should also be included (e.g., logistics problems, supplier nonperformance).
Also, the research only focused on an estimation of process costs but not on possible changes in purchase prices due to implementing e-procurement. Depending on the type of product, the savings can range between 7% and 17% [29] , [82] . Our approach also did not include an estimate of the investment costs (both capital investment in technology and the necessary effort and costs of changes in the organizational structure and employees' roles) and the costs of operating and maintaining the e-procurement system.
While our study did not use underlying theory, the proposed approach enables further investigations within either TCs or information processing (IP) view theory. The TC theory is namely the most frequently applied theory in e-procurement studies [2] . Specifically, the ability to estimate both TC and the risks of eprocurement enables the utilization of risk-augmented TC theory [35] to analyze the effects of organizational changes (e.g., the empowerment of employees and reduction of middle management) on both TCs and risks.
Alternatively, the IP view of interorganizational coordination [83] could be used to assess which process configuration is most suitable for collecting and processing information. IP needs are assessed based on various characteristics of the product and procurement environment, while IP capabilities are assessed by the level of IT support for various activities in the procurement life cycle [84] . Simulation results can be used for that purpose: variability of lead times/costs can be a proxy for uncertainty, while different scenarios analyze the effects of different levels of IT support. useful comments that improved both the content and presentation of the paper.
